Measurements of the p´e e ¼ pµπ o reaction in the ∆(1232) resonance region have been performed with the CLAS detector at Jefferson Lab using beam energies of 1.645 and 2.445 GeV. Cross sections were measured over a range of four-momentum transfer Q 2 = 0.4-1.8 (GeV/c) 2 . Decay angular distributions in the π o p center-of-mass were obtained with full coverage in cos θ £ π and φ £ π . This permits the extraction of the structure functions σ T · ε L σ L , σ T T and σ LT and their partial wave decomposition. Results are shown for the Q 2 and W dependence of the transverse electric and scalar/longitudinal multipole ratios E 1· M 1· and S 1· M 1· .
Introduction
As the most prominent evidence of internal nucleon structure, the ∆´1232µ resonance is well suited for studying the dynamics of quark confinement. A longstanding question is the origin of the non-zero quadrupole strength experimentally observed in the γ £ N ∆ Nπ transition. Only the dominant magnetic dipole (M 1· ) excitation mode is permitted in simple quark models that satisfy SU´6µ symmetry, occuring via a single quark spin flip. The SU´6µ forbidden electric (E 1· ) and Coulomb (S 1· ) quadrupole transitions imply non-spherical forces 1 within the nucleon, which arise through a variety of mechanisms in modern QCD-motivated models: residual tensor interactions between quark pairs (such as gluon 2 and meson exchange 3 ) which can introduce d-state admixtures, direct photon coupling to a deformed pion cloud 4 or toexchange currents (leading to the spin flip of two quarks) 5 , and collective rotation of a Skyrmion 6 .
A crucial experimental test for these hadron models is the magnitude and Q 2 evolution of the multipole ratios R EM E 1· M 1· and R SM S 1· M 1· . Unfortunately, previous measurements from 30 years ago lacked sufficient statistical and systematic precision. A new generation of photo-and electroproduction experiments have begun to publish results. Recent measurements of the p´γ π o µp and p´γ π · µn photo-pion channels at LEGS 7 and MAMI 8 found R EM ´2 5 3 0µ%, which is substantially larger than predictions from QCD-inspired constituent quark models (CQM) incorporating one-gluon exchange 2 (color magnetism). A JLAB/Hall C π 0 electroproduction measurement 9 at Q 2 2 8 and 4 0 (GeV/c) 2 found R EM 0 at the level of a few percent, while R SM was 5-6 times larger and increasingly negative with Q 2 . These results appear to rule out the influence of perturbative QCD, which favors smith: submitted to World Scientific on June 28, 2001 helicity conserving amplitudes for which R EM 1 and R SM constant as Q 2 ∞, and has shifted the theoretical emphasis to models which explicitly incorporate pion degrees of freedom. For example, chiral soliton models 10 , in which quark confinement arises through non-linear interactions with the pion cloud, generally predict larger values for R EM at the photon point. Recent progress in chiral effective field theories 11 and dynamical models 12 that incorporate pion rescattering at the γN∆ vertex suggest meson degree of freedom strongly enhance the quadrupole strength at low Q 2 and affect the shape of the Q 2 dependence overall.
Here we report preliminary CLAS measurements of R EM and R SM over the range Q 2 = 0.4-1.8 (GeV/c) 2 obtained from a multipole analysis of the p´e e ¼ pµπ o reaction.
Under the one-photon-exchange approximation, the electroproduction cross section factorizes as follows:
where Γ v is the virtual photon flux. For unpolarized beam and target the center-ofmass (c.m.) differential cross section d 2 σ u depends on the transverse ε and longitudinal ε L polarization of the virtual photon through four structure functions: σ T σ L and their interference terms σ LT and σ T T :
where 
The weak quadrupole E 1· and S 1· transitions are accessible only through their interference with the dominant M 1· . To simplify the analysis, a truncated multipole expansion (TME) is used, in which only interference terms which include M 1· are retained. Thus, M 1· 2 and its projection onto the other s-and p-wave multipoles E 1· S 1· M 1 E 0· S 0· are given in terms of the six partial-wave coefficients by 13 :
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Because the charge multipole is dominated by the isospin 3/2 channel M´3 2µ 1· , by Watson's theorem Re´M 1· µ vanishes at the resonance position, giving
1· µ, etc.. Thus we define: coincidence of a gas threshold Cereknov counter and a sampling electromagnetic calorimeter. After kinematic corrections the invariant mass resolution was σ W 8 MeV. A single magnetic field setting was used for both beam energies. Coincident protons were identified using TOF and momentum. A cut on the reconstructed missing mass (see Fig. 1 using e ¼ p co-planarity cuts. Target window backgrounds and proton multiple scattering were suppressed with cuts on the reconstructed e ¼ p target vertex.
CLAS acceptance, tracking efficiency and resolution were simulated using a GEANT model of the detector geometry which incorporated the magnetic field map, surveyed positions of detector elements (including target position relative to coils), dead wires or TOF bars and measured wire chamber drift times. Software fiducial cuts were used to define the solid angle for electrons and hadrons and excluded re- measured simultaneously with the exclusive data, and agreed to within 5% with previous measurements.
Events were weighted with Γ 1 v , accumulated into bins of (Q 2 W cos θ £ π φ £ π ) and corrected for acceptance and radiative effects. Fig. 2 (left) shows an example of the cross section dependence on φ £ π near the ∆´1232µ peak at Q 2 0 9 (GeV/c) 2 , and illustrates the complete out-of-plane coverage using CLAS. The structure functions σ T · ε L σ L σ T T and σ LT were extracted by fitting a complete φ £ π distribution for each W and cos θ £ π bin with the form in Eq. 2. The solid line in Fig. 2 shows a typical fit.
The cos θ £ π dependence of the extracted structure functions is also shown Fig. 2 (right) for several W bins around the ∆´1232µ peak. The solid line is a fit assuming only s-and p-waves in the π AE p final state. The data are largely in agreement with this assumption, and fits up to l π 2 showed no consistent d-wave strength around the ∆´1232µ peak. Other curves show the unitary isobar model of Drechsel et al (MAID2000) 17 and a pion rescattering model of Sato and Lee (SL) 12 , both of which reproduce the qualitative features of the data.
These models are compared again to the data in Fig. 3 , which shows the W dependence of all s-and p-wave multipoles extracted from the fitted partial wave coefficients using the TME derived solutions of Eqs. 6-11. Here the difference between the models is more evident, and reflects different approaches to unitarization of resonant and background terms. Both measured and predicted non-resonant multipoles M 1 , E 0· and S 0· show appreciable strength below the peak of the ∆ due to constructive interference with the real part of the I=3/2 M 1· amplitude.
In order to check the model uncertainty and overall error introduced by the TME approximation, we fitted 'pseudo-data' generated from the MAID and SL models using the same binning and statistical error as the CLAS data, and analyzed according to the procedure just described. In this way the extracted observables could be directly compared to those calculated from the model. It was found that interference terms involving the resonant input multipoles E 1· S 1· were retrieved in the pseudo-data fits to within the statistical error of the CLAS data, while the extracted non-resonant interference terms displayed systematic discrepancies quite similar to what is shown in Fig. 3 , indicating they are largely due to truncation error. The contribution to R EM and R SM from truncation error (including model dependence) was estimated to range from 0 5% to 1 0% over the Q 2 range of the experiment, being generally higher at large Q 2 due to the larger relative importance of the Born terms.
R EM and R SM were determined by a weighted average of the data points at W=1.20,1.22 and 1.24 GeV, as this choice gave the lowest overall truncation error in the pseudo-data fits. The Q 2 dependence of the ratios is shown in Fig. 4 compared to recent model calculations 10 12 14 18 19 and previous measurements 7 8 20 21 22 . The R EM data appear to exclude the relativistic quark 18 19 and chiral quark soliton 10 ical and isobar model curves, which are somewhat constrained by fits to the higher Q 2 data of Frolov 9 , come closest to describing the Q 2 dependence of our data. The SL model, which is not constrained by the BATES and Mainz R SM measurements around Q 2 0 12 (GeV/c) 2 , clearly misses those data. The Kamalov and Yang DM model, which is fitted to those low Q 2 measurements, comes closest to matching the absolute magnitudes of both our R EM and R SM data.
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